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Abstract 
Watershed delineation based on digital elevation models (DEMs) is the prerequisite to set up SWAT model. With 
topography and hydrologic processes different from the mountainous area, the watershed delineation in plain polders 
faces three problems: (1) the subbasins and reaches delineated from the DEM do not agree well with the realistic ones; 
(2) the braided streams cannot be identified by SWAT model; (3) routing processes are affected by the water-control 
projects seriously. Based on ArcGIS and ArcSWAT, improved DEM-based method and pre-defined method were 
applied in watershed delineation. In the first method, “Burn-in” and drawing reach and subbasin boundary manually 
were applied. First, the digital channel network (DCN) was imported using the “Burn-in” function, and the streams 
and subbasins were delineated based on DEM and DCN. Then the “watershed” and “reach” layers were edited in 
ArcGIS, where the location, range, and hydrologic connection could be adjusted. In the second method, streams and 
subbasins could be drawn manually or re-edited. In conclusion, the watershed delineation results using both methods 
agreed well with the realistic hydrologic processes in polder area and could meet the demands of the following model 
setup.   
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Introduction  
With the development of computer and information technology, distributed hydrologic models become 
research focus, in which watershed delineation based on DEM (Digital Elevation Model) is the key step 
and priority [1]. Successful and accurate watershed delineation is the precondition of the following runoff, 
sediment and water quality modeling and credible results. There are two methods for watershed 
delineation in SWAT model, one is the DEM-based method, which is based on the DEM of the study area 
[2, 3], and the other is the pre-defined method in which users can define the reaches and subbasins 
manually. Most of the researchers use the first method at present [4-7], which has high precision only in 
the area with certain terrain slope. The plain polder area is flat, with no significant elevation difference. 
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The topography information contains in the DEM cannot define the location and hydrological connection 
of the reaches, which makes the streams extracted based on DEM only cannot agree the realistic ones well 
[8, 9]. In plain polder area, the streams are usually braided or form complicated networks. Dykes and 
sluices are usually constructed along the channel to control the flood. Because of these characteristics, the 
subbasin delineation in plain polders faces three problems: (1) the subbasins and reaches delineated from 
the DEM don’t agree well with the realistic ones; (2) the braided streams cannot be identified by SWAT 
model; (3) routing processes are affected by the water-control projects seriously. Based on ArcGIS and 
ArcSWAT, improved DEM-based method and pre-defined method were demonstrated in watershed 
delineation by a case study in Jiangxiang polder of the Ganjiang River. Technical issues of watershed 
delineation in SWAT model were discussed and applicable methods for watershed delineation in plain 
polders were put forward. 
Improved DEM-based Method 
Traditional DEM-based watershed delineation methods have low precision in plain polders. In this 
research, “Burn-in” method cooperated with manual edit based on field survey was introduced to improve 
the streams and subbasin delineation in plain polder. Attributes such as location and hydrological 
connection can be edited in the GIS environment to make the extraction results agree with the realastic 
hydrological processes and meet the requirement of model setup. 
Burn-in “Burn-in” algorithm is first put forward by Maidment of University of Texas, US. In this method, 
available stream network dataset is used to process the DEM: the elevations of the grids overlapped by the 
digital channel network are reduced by a little value to increase the slopes with other surrounding grids 
[10]. Burning a stream network to the DEM improves hydrographic segmentation and sub-watershed 
boundary delineation. 
First, the DEM grid of the study area was loaded into SWAT model, and then using the “Burn-in” 
function, digital channel network (polyline shapefile or feature class) was imported and superimposed 
onto the DEM to define the location of the stream network.  
Note that the stream dataset must be a continuous set of stream lines, in which lines should be drawn 
through lakes and ponds and isolated reaches should be removed. Other than outlet lines, the stream lines 
should not cross the edge of the DEM. Or not, Lines crossing the edge can affect the result of flow 
direction. 
After “Burn-in” is completed, SWAT model will pre-process the DEM by filling sinks and calculating 
the flow direction and flow accumulation grids. To get better stream extracting result, the upstream 
drainage area required to define the beginning of a stream should be adjusted repeatedly. The smaller the 
specified number of hectares, the more detailed the drainage network delineated by the interface. In the 
case study, the threshold area was set to 70 hm2. Part of the extracted result is shown in Fig. 1. 
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Fig. 1.  Part of streams delineation result after “Burn-in” 
 
In plain polders, “Burn-in” method is not enough to get ideal watershed delineation result. Editing or 
drawing reaches and subbasins based on filed survey or actual stream network is needed. 
Reach adjustment  After “Burn-in”, the extracted result was improved at a large extent, as shown in 
figure 1, but some main channels were not extracted and some trivial ones would increase the complexity 
of watershed structure and calculating amount. So it is needed to increase or delete reaches according the 
realistic ones, the edited result is shown in Fig.2. Note that when deleting certain reach, the two affiliated 
nodes on the reach should be deleted as well. 
 
Fig. 2.  Stream network after being edited 
Subbasin boundary delineation As the reach is well edited, SWAT model will delineate subbasin 
boundary by selecting the outlet(s). In plain polders, the widespread dykes and sluices have changed the 
hydrological processes significantly. But due to the limit of resolution and errors during DEM generation, 
these anthropogenic factors cannot be rejected in the DEM of study area[11]. So the boundary of the 
subbasin should not be determined just according to model automatic extracted results. It should be 
adjusted based on the distribution of the dykes and sluices. As shown in figure 3, Jiangxiang polder (the 
study area) is surrounded by water with main dykes constructed all around. There are many minor dykes 
distributed inside the polder, dividing the whole polder into four major segments. According to field 
survey, the four segments are linked by ditches, but the water is well controlled by the sluices, the water 
exchange among segments is limited. So when delineating subbasins, the whole polder should be divided 
into four separate drainage areas (with no water exchange), and inside every drainage area, subbasins are 
delineated based on the DEM. 
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Fig. 3.  Polder and drainage areas in Jiangxiang 
 
When adjusting the boundary of subbasins, there should be no overlapping parts or interspaces 
between two neighboring subbasins. The “Clip” command in the “Editor” can ensure the accuracy of 
subbasin boundary adjustment. As shown in figure 4, suppose that the boundary of subbasin 2 is 
determined, subbasin 1should be adjusted to be coincident with subbasin 2 at the shared boundary. To 
make this, subbasin 1 can be drawn exceeding the shared boundary a little and then apply the “Clip” 
command, the result is shown in Fig. 4. 
       
Fig. 4.  An example of “Clip” 
Calculation of subbasin parameters  After been edited, the codes of  reaches and subbasins became 
discontinuous and other parameters had also been changed. SWAT model will recode the edited ones and 
calculate the subbasin parameters. Now the watershed delineation is completed, the following model 
setup procedure could be carried out successfully. 
Pre-defined Method 
The “Pre-defined streams and watersheds” function of SWAT model allow users to import pre-defined 
watershed boundaries and streams. With the support of actual stream network dataset and filed survey, 
users can draw reaches and subbasins manually or  re-edit the “reach” and “watershed” layer on the basis 
of method 1. Note that every reach is corresponding with one unique subbasin and outlet, and the 
“GRID_CODE” should be continues [12].   
User-defined reach  The user-defined reach should contain the following 8 fields (Table 1): “FID”, 
“shape”, “ARCID”, “GRID_CODE”, “FROM_NODE”, “TO_NODE”, “Subbasin”, and “SubbasinR”, 
After Before 
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which should be arranged in this very order. The “GRID_CODE” is the code of reach when identifying 
the flow direction; the “FROM_NODE” is the code of reach itself, which is the same with the 
“GRID_CODE”; the “TO_NODE” is the code of reach where the water flows to (if the reach is located at 
the outlet of the catchment, the code should be record as “0”); the “Subbasin” has the same code with the 
subbasin where the reach locates; the “SubbasinR” has the same code with the subbasin where the water 
flows to (if the reach is located at the outlet of the catchment, the code should be record as “0”).  
Table 1 The attribute table of streams 
FID shape ARCID GRIDCODE FROMNODE TONODE Subbasin SubbasinR 
0 Polyline 1 1 1 3 1 3 
1 Polyline 2 2 2 3 2 3 
2 Polyline 3 3 3 0 3 0 
  The model indentify the hydrological connection according to the attribute of reach. As shown in 
figure 5, suppose that the “GRID_CODE” of the three reach are 1, 2, 3, respectively, their attribute table 
is shown in table 1. 
 
Fig. 5  Modify flow direction  
User-defined subbasins User-defined subbasins should contain the following 4 fields: “FID”, “shape”, 
“GRID_CODE”, and “Subbasin”. In which, “Subbasin” in the code of the subbasin and should be the 
same with the reach inside the subbasin. The attribute table of subbansin is shown in table 2. 
 
Table 2  Attribute table of pre-defined subbasins 
FID shape GRID_CODE Subbasin 
0 Polygon 1 1 
1 Polygon 2 2 
2 Polygon 3 3 
3 Polygon 4 4 
4 Polygon 5 5 
…    
 
    Note that when defining reach and subbasin, do not insert an inlet or outlet point in a junction cell. A 
close-up view of stream juncture points created by the interface is shown in figure 6.  
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Fig. 6.  An example of steams and subbasins delineation 
 Import pre-defined streams and watersheds Having been edited as required, the stream and subbasin 
dataset could be imported using the “Pre-defined streams and watersheds” function. SWAT model will 
calculate the subbasin parameters. Now the watershed delineation is completed, the following model 
setup procedure could be carried out successfully. 
 
 
 
 
 
 
 
 
 
 
 
 
Results and Discussion 
The improved DEM-based watershed delineation method used the “Burn-in” function to import the 
realistic stream network dataset and the extracted streams quiet agreed with the real one. On that basis, 
the extracted stream network was reedited manually to make further improvement. When delineating 
subbasins, the whole polder was divided into several separate drainage areas according to the distribution 
of the major and minor dykes, and inside every drainage area, subbasins were delineated based on the 
DEM. The extracted subbasin boundary was reedited manually to make further improvement. This 
method is easy and simple to handle, in which defining the attribute of reaches and subbasins is not 
needed. But in this method, watershed delineation must be carried out in the very orders as required. If it 
is returned to the last step, the operation after this step will be cleared.  
Using the pre-defined method, modelers can draw reaches and subbasins based on the actual stream 
network dataset and filed survey, or re-edit the watershed structure extracted by the DEM-based method. 
To apply this method well, the modelers should have a further understanding of the structure of SWAT 
model, the attribute of reach and subbasin, and the structure of watershed. This method requires some GIS 
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skills as well and should be applied strictly. With the support of precise dataset and sufficient field survey, 
the watershed delineation result can be very close the accrual hydrologic process in small-scale polder. 
 The two methods can cooperate with each other. When the delineated watershed need to be adjusted 
because of misoperation or input of new information, the “reach” and “watershed” layers could be 
exported and reedited in ArcGIS. After editing the attribute of reaches and subbasins as required, the two 
layers could be imported to SWAT model. 
In SWAT model, one subbasin is corresponding with one reach and one outlet, and their identifiers must 
be uniform and continuous. When been added or deleted, reach and subbasin should be recoded to make 
the identifiers uniform and continuous. When editing the attribute of reach and subbasin, every attribute 
field should be arranged in specific order and format. 
The plain polder area is flat, with dykes and sluices constructed all around. To make the watershed 
delineation result agree with the actual hydrological processes, it is needed to have a sufficient survey of 
stream network, water-control project and routing processes in the study area. This may add up to the 
difficulty and workload of mdel setup in plain polders. 
Conclusion 
Focusing on the three problems of watershed delineation in plain polders, this paper introduced improved 
DEM-based delineation method and pre-defined method to complete watershed delineation. The 
improved DEM-based delineation method uses the “Burn-in” function to import digital channel network 
and extract drainage feature based on DEM of the study area. Manually editing is then applied to adjust 
the extracted drainage structure in GIS environment. This method can improve the watershed delineation 
in plain polders significantly and guarantee following modeling of water, sediment and agricultural 
chemical yields. The pre-defined method can either draw reach and subbasin boundary manually 
according to the known channel network or filed survey, or re-edit the extracted reach and subbasin. With 
the support of precise dataset and sufficient field survey, the pre-defined method can get watershed 
delineation result constant with the realistic hydrological process. 
Acknowledgements 
This work was funded by Major Project on Science & Technology of Water Body Pollution Control & 
Treatment (2009ZX07526-005) 
 
References 
 [1]  V. P. Singh: Kinemaitc Wave Modeling in Water Resources (John Wiley ˂ Sons, Inc, New 
York 
1997). 
 [2]   W. Martz, J. Garbrecht, Comput Geosci-Uk Vol. 18 (1992), p. 747 
 [3]   Z. HAO, L. LI, Hydrology Vol. 22 (2002), p. 8 
 [4]   S. K. Jenson, Hydrol. Process. (1991), p. 31 
 [5]   D. G. Tarboton, R. L. Bras, Hydrol. Process. (1991), p. 81 
 [6]   C. SUN, J. WANG, Progress In Geography Vol. 27 (2008), p. 118 
 [7]   Z. WANG, C. LIU and Q. ZUO, Progress In Geography Vol. 21 (2005), p.  432 
 [8]   H. Zhang, G. Huang, Hydrol. Process. Vol. 23 (2009), p. 2879 
 [9]   A. C. V. Getirana, M. Bonnet, O. C. R. Filho, et al. Hydrol. Process. Vol. 23 (2009), p.  502. 
2057 Yunxiang Luo et al. /  Procedia Environmental Sciences  10 ( 2011 )  2050 – 2057 
[10]  K. S. Willian, R. M. David: A GIS Assessment of Non-point Source Pollution in the San 
Antonio Nueces Coastal Basin (The University of Texas, Austin 1996). 
[11]  J. Wang, Z. HAO and L. LI, Journal of Hohai University Vol. 33 (2005), p. 119 
[12]  M. Winchell, R. Srinivasan, M. Di Luzio, et al. ArcSWAT 2.1 Interface for SWAT2005: User's 
Guide (Blackland Reserch Center, Texas Agricultural Experiment Station, Texas 2008). 
 
